
<i9)B*B*H*/r (j p) (12) & ffl ft ft & $ (a) mmmm&m^ 

^2000-46000 
(P2000-46000A) 
(43)&WB ¥flE12¥2 jJ15B (2000.2.15) 


(51)Inta.' mam 
F0 4D 29/58 

17/12 


F I t-to-K'C 

F0 4D 29/58 P 3H0 3 5 

Q 

17/12 


SSIfcR »*JB©»7 OL 


(21)fliBtMt 

«WR0-208823 

(71)fflBA 

000005108 




*a$&&BS£»m!r 

(22) WHS 

¥j«10*P7Ji24B (1998.7.24) 





(72)»W# 





3e«»±«w#ft»r603#a& 8«fe&ttB 







(72)38Wt 





^«R±?lW»*»r603#»l «sS£ttB 







(74)«aA 

100061893 










(54) 


(ct) imm 

fcwc. «IWI2£tffaitl>3m£. 'J>-Z<bl>-^\t 


•6 2 


•1a 


#1 


,1b 


5b 


10 


(2) 


2000-46000 


<bi> 2g^^ffii8«&£^&*-tfffi8«t*^ 

imm ] nmmt lx . wnigis^aias: 

v \t z t -t &m$m 1 1> l < «± 2 
[§9*)i6 ] *m3$ib fc ix. ^-nnj^smTm. 


[§f*JS7] JI-gPilSfcLT. vv«u&»tf>EEIB*T» 30 

im 1 1> t < \t 2 ov>-m*>tci5m<o^ -^ffiia. 

[0001] 

hb» trots. 

[0002] 

[0003] «!*0®^»m»«lTigi!rt !> ?-*Eas 

mu. *mcoQm$m&^^£m$iimfrt>x' 
tzTfccoz^mm^mm&crtfimzmztix^ 


-o. 5kg/cm*ggjgrcj:v>a>\ 

^m^%^ms(7)SMt 1 • 5~8kg/cm2g 
[ 0 0 0 4 ] fiar^ttaST'lellB^ttt^aiffl 

[0005] HilflHIWe-l 177 10^ 

[0006] 

g$m.it]±jjLzvm%<~&x'i>h. *f3gm$im* 

[0007] -r#*>*>. saLjsmsrta-ejin-^^is 

Kmm&wmz-m%mii < * o . ^co^»^ 
[0008] * fc. fijK<o«sa-ei5]te^tB^aiffl 

mcoisimTi.zmi&ztMi'mmw&'yt:. 
[ o 0 0 9 ] § w3M&*#m-&imx'\i*.tf 

[ooio] xmxoma. &ffl%c&mxwi)Zti 

<r>X% h?-X&m*W&th Ztlzf>Z>. 
[00 11] 

xwrn^ii^^m^x^m-hmm^Mm^ii:. %<r> 
i&t&f-xmmtz&^x. wmz&t&t&'SR 
z\tizxt)ms.ztiz>. 

[0012] iJt±aaw<±. a v*-?ximzix. 
wm&szt *)3ffi$iifz£$i t zm^xtiitii-tz>mm%i 

93Mb. Z<r)fm>mz£*)W®Ztih'J?%<bl>2m 

(v&bmi&mftt h ?-*EMmzt>^x . mm 


(3) &PI2000-46000 
3 4 

wm5fflg&$mz>£5\Z. >jr%<ti>~mi&m *£m>*tti. 2gBEis«ib-es^e6~9kg/ 

[00 13] E^7£2i9, Tn-fcX (0Stf-f) 

[«W«OiaStf»BS] WT. *fSBflWliife0l£0ffi£# *fc, m&8££'>X®®Ztih7*79? 

®L+j:#t>Wffi~h. °- 5kg/cm*gteJHES*u^SSW4» » 

[OO14]01li. *%B3fcSS^-^eS«^l flJfffi<S10£Si>). #ai£MSA?L18a, 18b, 

«ontem^^5r*-r. *mmizxz?-#E.im isciz\^xnmmm2*7i;T)vmM&i 2 

tt2a^£Ht»^feM«S9.*JaffiliWak2SB a. 12b. XyXhWm&l 7ZttmLtl®. am 
&2J±llH£**s8l!M WW3fcJ: OfJfllSfU 10 [0017] ^^S^T'li. :/o-79fcJ:&#a£M?> 

<®m4m.VL>tlX^h. *U8EE««la£ 2gBE V>. UrtfoT. (£#<D?-tfEllffl8Clt^T. 

8» 1 b i: tc +l3£m#aJ8§ 5 a <ryfrl£th ffijSfi^ft^^-T S . 

6-ClHR*rt»6. 2&BJE*8«1 btf>TSS£J±il+ [ 0 0 1 8 ] ttz. mffim$Me>®&=Ftz#mm\ 

s. ^*B»«2c7)fl6ffit«. mims (mm) x t. ^jg«ss^D-:^»m6s 
zm?Jihffimiz%~>x^z>« 20 [ 0 0 1 9 ] *mtmx\t. ^m^i&mmM 

[00 15] 02Ji. 01T^?-tfffil8«2*>i£A WmZtt&Uzm. AMC§Bfe$*VO>&#. WfSizX 

wmmmx-hz. r-i/>rinzjn*)mt>tuuv v?-#iBm?>w>mzm^xi>&\ 

TfrWSm&Z 12a. 1 2 b izX 9£#2*L*:u-? 1 [ 0 0 2 0 ] 03»i. *5|f>B^S^2cO»iS0!lT\ 0 

3<o+*ssc{i. ?mt:*AJK5S:^t^iaift^i 4# i nmfcw<n^f®$cmm 2 sx^jsjsfcmiS&^STO 

t . - conifer 1 4 izxmt&imcor-i'yT' nc [ o o 2 1 ] <r <o#360!i-ra. /D79 uah** w* 

fflj£S*ifc;*7W 1 5tlzX Dfltl£3*U>. 1 1 9tz£ OH^t^W^it&Sra&miftlSS (& 

30flli3SWiSft^Ej»tl»fc^)«3affl^«mi 6 7Tr P m) BlO^SS^*&i:P«. 

a. 2&Bffl^mi6b*<JR9ttlt£>*tTV^. £ rnV9^tttBffi^iO . 1-0. 5kg/cm*g-C 

fz. ^fmy^T)vms^m.i2a.txf-iAt<m 30 Tu7 9T'#Es*tfdE*8^i#»ffli?ffio 

lea, xjxvwm&iumvtitix^h. nm. s-so. #SJ£M&A?U8a, i8b. iscca-^ 

^6^20151^1 4 <«aM*£«ffflfc*«W-4*-5' T«^a«©a2^7vT;HSM«lSl 2a. 12b. 

>?l lfcfct #ffl^£g<fctoO#»£MSA?Ll X7XYW§fflg.l 7£#£IU:&. AMKSSlftSh 
8a4«»ltfeii.TV^. y-i/y^l l£li7 

^'r;HiM«igl 2a. 1 2blC»O85Sl£#<fc*>0> [ 0 0 2 2 ] ^£0jT»i. yaV9WHlfeSt±«V^ 
&SJ£m*SA?Ll 8b. 1 8 ctfSttfctTCV*. #5$ ( 1 ) T'*Sil6Jt^^l<^i«0i§£ 

[0016] zcommxit. mMAfrhmLztifz 

SMMSEJSllllat'^2kg/cm2g^-C#E$ [0023] 

*ufc», 2M&aiS§5 aTftamfrt 2SBB3S® 1 b * 

n s=NQ0- 5 /Had<>-75 - (1) 

N:0<IB& Q:S» Had:m$ *|§»0li<Oi§£fc|siaS. 0. 1~0. 5 k g/c m* g T' 

%.<o&Mz%&t h iztimzmMim 1 <nmmv>*%& v&o. vawssMm* 1 8 a . 1 8 b . isc ca^ 

i0t>/h$<^9. Lfc#oT*-#EMi0«WiB TWW«12JKf5^"r*«««Hl 2 a. 12 

lffmtmXO^. Stt|6l±-Ti.. b. ^7^ba^ttSl7S:?$BlL!tft. A£v£Si8:$ 
[0 0 24] 04 J±. #^BfltC^S^30|ISfiCfilT'. K 

®m3M2 tKmynv 9cr>±mm^Uzi><r> [0025] *mmX'i±. /ny 9<oiniCiS^«<-^ 
r P m ) #$Offl£*lS. yoy 9<0ttajE>]«. 0 1 ^^50 [0026] *<0J£*. 0r^ffi^tC#E-TS t^Cc 


(4) 


^2000-46000 


[ 0 0 2 7 ] * *H»^T1i^-^ffilS18®«!)fflW 
W 3T'Tn»7 9tf®KIc£$i|SLTg&»!) 

[ o o 2 8 1 0 5 1±. *miiz®& f-x&mnm 

fit 1 b liS£+fc+ia£&#2fl*§ 5 a £^ WcE'ff 6 "CtS 

[0029] +fS^^»^ 5 aOTMWi. J*«Pfc« 
OSS20. 3»jk#2lc^fr4-ri>ffi^^S:ffiOai't^ 

trv24lcBI6»iTv**. :/o<7 
2 3 OT»£USIffiM£XMtt*IMi 2 fcSK fcftW 
B*2 5jWWtfc*rO*4. 2g@ffiltaib<7)TS[tC 

fc**V vC*R# 2 7 *ISH$^l»SiJfflllS 2 8 <«* 

Pwt=GtHadt ??t 
Pwc=GcHadcAc 


* [0 030]^&»S5bfc&±#26fcWl§?)tttii 

fc*H*3 0*«ltfe*l. ^ffifi^3 0t(ii£4« 
&# 2 7 jWMe U -ewTc5fcJiS«!iffl^ 9nB3 

9&3 1 £o6rC£ik#3 2#fr£U -JBtfBlB&ai 

[0031] vKoiaswm. aftoa&ae&euift 
j&»4*»6«a**ifcffiswa*®ffi«iii a-c#ss*L 

10 +ia£§vft«$§ 5 aTSffl&hX 2RBffiWi 1 

b£8&&*L*. 2SBffi«Blb-CS6t:«ES*ifc 
JEBKSSUi* 3SU«l85b-W&ai$*fcfc». >£ih#2 

[0032] +f£l£m&StfS5 aT'tefflSftfcffiBI^ 
K*2 2, 34?r^*UT^-t'y2 4tC^ 
jWu 7o-72 3£!fg£rt&. ^vyTaV 2 3T0. 1 
~0 . 5kg/cm'g £TJU££*lfc2*Ui« EW2 

[0033] *£gffiwm. jumnweii. *&Ei8 

ffi 1 atf0£5v£flffl LT ?-t'y 2 4 Srdlfi?^, 
?-b>2 4KJ:9:7 r o<72 3£SMrri>. *-t>2 
4<OJi5^jPwt t^nV2 3<Offi»IWPwc 

(2) (3)t«b*4. 
[0034] 

■■• (2) 
- (3) 

Kvm^->wh*). <fc* (4) <5)Tsais*ii. 

[0035] 


Gt : ^-t'^aaSffl Gc : yDVttftcg* 

77 1 : 9—\Zy*6lfe V c : ^nVS!)$ 30 

ifc. Hadttt*— b'yB^.-/ h\ Hadcli:/0* 

Hadtcc (1- (P2t/Plt)«) -(4) 
Hadcoc ( (P2c/Pl c) s -l ) -(5) 

P2:fflPBE* P 1 : APBE* E : ®fc * ( Pwt = Pwc ) X'WkZtlh<T)X\ 7W2 3<fM 

P2t/Plt :WWt «*«<6>T**>«. 

^-t'>-24tyaV23fc<if««3!) < i5»D-^-5^«® * 


Gc=Gt (Hadt/Hadc ) (vt vc) 


(6) 


*-h>2 4*»Bft'vyK (KBtfc) li*S<. 

teaKc-i^Toy 2 3 <9g»£iij£T*£ !> . 40 

[0036] L^ot. «jas«wa2c7)^a»c«ffl 

[0037] ^coHMiTJi, l/v-A^y? 2 9«0E 

U^-A'?y? 2 9^ffi##-tlRffi£iS8;c./y§£\ fi» 
»H#2 7M»Wt. -aKoafg^JiiBcaiS^S^. 650 


&m nmmmmmm 3 0 ^ji 0 . £ h c-affis^ 

$y±ffi©3 3, 34t:«kO^-t>24tS|j!«M, 7*o 
7 2 3 £IBirf 6. Cltoyoy 2 3T'#ESix*:Eit8£ 
SUi. ffi^2 5tcJ: OS««tgi)«82(C#*»tlS<0"C, 

*m«5we*fcfcBH«wi2 ^arrsik^f & 
i o o 3 8 1 =5rtj, *mnmci±. ^mmmmm 

[0039] ttz. *mmt'\i. imztifzg&p)- 

[0040] 06«, «VH^ft & ^-*ffilMK>*5 


7 

i. 

[0041] «HSBBR&i0K 5 aVTffiXi. 

9SJ2 0. i£ih#2 lcryft&.-f&g&ZM') &■?*:#><?> 

■f&fi:lbcr>?-t'>2 4lzmmZtiX^&. 7av2 3 

2fc^<fc^E^2 5*W£*rO^. 9— 

[0042] zcommcu. mjmmzteWi i g4 

^^a3§5aT<#»§n. 2gBffi^taibtfbi* 
ill. 2&gffil8»lbT'$£>fc#ff$*l*:IB8£§v 
^m^aJ355bT-^ai$ix^^ j£ih#2 6£M 

to^Sy&sjsis aT^ai2n7t^<o-a«i. ^2 

2, 3 4fci9?-t>24(;:^atfu ^oV232:lg 
BrfS. icoyoV2 3-C#E$n/v:ffiffi^fc^-b- 
>24frbm&Zfifz^b\iiSffiMT'&tiiL. E^2 
5(c± 9SJa&«f&«2 lcg**U «i)&2£?$S]U: 

[0043] *mtmx'\t. mmm>m2mmzf 

oV2 3^S»3t*ff«<r<. ^-h>2 4*>^ftU§n 
fztf-o X 9 -MV 2 4 £8£t ^-^ffiffl«^)^ft 5:0 
[0 0 44] ^-t'y24tgEAL)tffii8Sm 

23 1 ?-h>2 4 tfrt>miZZtlXm.itZtlfz^C0 

•t&£fmzim-t&zbtfx'zz>. Ltztf^x. 05 

[ o o 4 5 ] . mmwsxuwM^ 2 7 #ISa» 
*W53 0fc»9. s^{c-^e*b£$u±i^3 3. 3 

4 tc J: 0 ?-t> 2 4 icaisWvCT'ny 2 3 Srlfflirr 
&. C<oyo>7 2 3T-#ffi$^£Bi^fc^-t'y2 
4*^SMi3#t&^Hi£5£&T'£S£U 11^3 5iZ 


5) ^2000-46000 

8 

J:9«E«m»®2fc3l)!rtU SEiftmiMB2£#a)-f 
[0046] 

tit h ^msmt wsm&.<r> 

io [ o o 4 7 ] asmBMxs 

x\ m&f-xsmm *> 'jrz^sismmx-msm 

[0 1 1 *mizm f-xmmm, 1 comam^ 
m. 

20 [ 0 2 ] 0 1 <r>mm<r>?~xmmv>w8S\Tm. 
[03] *miz&&?-xEM®<?)t82nm}mc?ym 

[ 04 ] *%mz&& ?-xmm<nm 3(ommmcnm, 
mmjtmwmu v <o±gas#0. 

[05] im%z&h9-izwmfrM4<r>mm<&k 
m>. 

[06] *miiz&&?-#Emw&>%5(n$mMco& 
m. 

30 ia -%jaffls«. \ h -2wmmm. 2, 8-mi& 

8L 3, 4-«&«, 5a- 

5b-£3&aH&L 6. 10, 2 2, 
25, 33, 34, 3 5-K*, 7-tt!fi». 9, 23 
•••/Q7, 12 a, 12 5-7^*7 

/H8m»ig. 13-n-5\ 14-BK?. 1 5-Xx 
16a-»» 16b--2g@ffl^ffi 

?L 18b. 18C-BASL 20, 31-K9*. 2 
1, 26, 32-i£±#. 24 - ^-h'y. 2 7-KH 
40 2 8 -SBItSP^g. 2 9-l/y-A7y?. 3 0-* 



[04] [05] 
■ 4 ■ 5 



(7) 


^2000-46000 


[06] 

m 6 



cm%!m mm -m 


(72)%b^ mm 

F^-A(##) 3H035 AA01 M06 


PAT-NO: JP02000046000A 
DOCUMENT-IDENTIFIER: JP 2000046000 A 
TITLE: TURBO COMPRESSOR 

PUBN-DATE: February 1 5, 2000 


INVENTOR-INFORMATION: 
NAME COUNTRY 

NISHIDA, HIDEO N/A 

MIURA, HARUO N/A 

TAKAHASHI, KAZUKI N/A 

FUKUSHIMA, YASUO N/A 

TAKAHASHI, NAOHIKO N/A 


ASSIGNEE-INFORMATION: 

NAME COUNTRY 

HITACHI LTD N/A 


APPL-NO: JP1 0208823 
APPL-DATE: July 24, 1998 


INT-CL (IPC): F04D029/58, F04D017/12 


ABSTRACT: 
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SOLUTION: A cool air intake pipe 10 to which a blower 9 driven by an 
electric motor 8 (driving source) is attached is connected to another end of a 
high frequency electric motor 2. Then, cooling air pressurized by the blower 9 
is sent to the high frequency electric motor 2 a radial magnetic bearing, or a 
thrust magnetic bearing through the cool air intake pipe 10. The high 
frequency electric motor 2 and the radial magnetic bearing, and the thrust 
bearing are cooled by the cool air which has been sent. After cooling, the 
cool air is released into the atmosphere. Since the blower 9 only boosts the 
cool air pressure up to a value necessary for sending the cool air, the energy 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable cooling of a high frequency 
electric motor or a magnetic bearing without deteriorating the 
efficiency of the compressor system, by leading at least a portion of 
the air for cooling the high frequency electric motor from an external 
device other than the compressor. 

SOLUTION: A cool air intake pipe 10 to which a blower 9 driven by an 
electric motor 8 (driving source) is attached is connected to another 
end of a high frequency electric motor 2. Then, cooling air pressurized 
by the blower 9 is sent to the high frequency electric motor 2 a radial 
magnetic bearing, or a thrust magnetic bearing through the cool air 
intake pipe 10. The high frequency electric motor 2 and the radial 
magnetic bearing, and the thrust bearing are cooled by the cool air 
which has been sent. After cooling, the cool air is released into the 
atmosphere. Since the blower 9 only boosts the cool air pressure up to 

a value necessary for sending the cool air, the energy (electric power consumption) required for boosting is 
small. Consequently, the turbo compressor efficiency is improved. 
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CLAIMS 


[Claim(s)] 

[Claim 1] It is the turbocompressor characterized by at least a part drawing the air which cools a motor from external 
devices other than a compressor in the RF motor which drives with an inverter and is cooled using air, and the 
turbocompressor which has at least two steps of centrifugal-compressor stages driven with the motor. 
[Claim 2] It is the turbocompressor characterized by at least a part drawing the air which cools a motor and a magnetic 
bearing from external devices other than a compressor in the turbocompressor which has at least two steps of 
centrifugal-compressor stages which drive with an inverter and are driven with the RF motor cooled using the air 
supported by the magnetic bearing, and its motor. 

[Claim 3] Claim 1 characterized by using the blower of a motor drive as an external device, or a turbocompressor given 
in either of 2. 

[Claim 4] Claim 1 characterized by using the blower of a RF motor drive as an external device, or a turbocompressor 
given in either of 2. 

[Claim 5] Claim 1 characterized by using the blower which is driven with the air of one of compressor lower streams of 
rivers, and by which an expansion turbine drive is carried out as an external device, or a turbocompressor given in 
either of 2. 

[Claim 6] Claim 1 characterized by using the air of the blower which is driven with the air of one of compressor lower 
streams of rivers, and by which an expansion turbine drive is carried out, and the air discharged from a turbine as an 
external device, or a turbocompressor given in either of 2. 

[Claim 7] Claim 1 characterized by using the blower by which an expansion turbine drive is carried out and the blower 
of a RF motor drive which are driven with the air of one of compressor lower streams of rivers as an external device, or 
a turbocompressor given in either of 2. 


[Translation done.] 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the turbocompressor which is applied to a turbocompressor, especially 

drives with a high-speed wave motor, and rotates at high speed. 

[0002] 

[Description of the Prior Art] Since the calorific value of a motor is large, it is necessary to cool, and in the 
turbocompressor which drives with a high frequency motor and generally rotates at high speed, it is cooled with air, 
water, etc. moreover, the thing for which the usual oil bearing is used in the RF motor driven at high speed since the 
peripheral speed of bearing is high - difficult - electromagnetism - bearing may be used this electromagnetism 
cooling bearing with air is known. 

[0003] In the turbocompressor driven with the conventional high frequency motor, the air of the lower stream of a river 
which came out of the middle air cooler or the air cooler of the last stage is used for cooling of a motor or a magnetic 
bearing. Although the pressure of the cooling air of a RF motor or a magnetic bearing is good about [ 0.1-0.5kg/cm2 ] 
g, the pressure of a middle air cooler or the last stage air cooler is as high as 1 .5-8kg/cm2g. 
[0004] Moreover, the wing for direct cooling is attached in a rotator with a low-speed motor, and the approach of 
cooling a motor according to a ventilation operation of the wing is also adopted. 

[0005] Furthermore, two or more water cooled jackets are prepared in the stator tooth back of a motor, and the 
technique which carries out water cooling of the motor is known so that it may be indicated by JP,6-1 177 10, A, for 
example. 
[0006] 

[Problem(s) to be Solved by the Invention] The air content required for cooling of a heating element is fixed regardless 
of a pressure. In the turbocompressor which uses the air which came out of the middle air cooler or the last stage air 
cooler for cooling of a high frequency motor or a magnetic bearing, if the air of a pressure high beyond the need is used 
for cooling, the energy spent on compression will be thrown away vainly and the effectiveness of a turbocompressor 
will fall. 

[0007] That is, the peripheral speed of Rota is also large, and since calorific value is large, cooling air is needed in a 
high-speed wave motor, quite in large quantities. In the conventional turbocompressor which cools a high-speed wave 
motor using the air which came out of the middle air cooler or the air cooler of the last stage, since the pressure of the 
air for cooling was high, power required for compression of cooling air also became large, and, for this reason, the 
effectiveness of a turbocompressor had the problem of becoming low. 

[0008] Moreover, the wing for direct cooling is attached in a rotator with a low-speed motor, and Rota of a motor 
becomes long with the structure driven with a RF motor in the turbocompressor which cools a motor according to a 
ventilation operation of the wing. Therefore, if the wing for cooling is attached in the rotator of a RF motor, Rota will 
become still longer, the critical velocity of the shafting of Rota falls and operation becomes difficult. For this reason, 
there was a problem in preparing the wing for cooling in the rotator of a RF motor. 

[0009] Furthermore, with the technique which carries out water cooling of the motor, water is required and an 
installation is restricted. 

[0010] The purpose of this invention is to offer the turbocompressor which can cool a motor and a magnetic bearing 
without reducing especially the effectiveness of a compressor system about the turbocompressor driven with a high 
frequency motor. 
[0011] 

[Means for Solving the Problem] It is attained by what at least a part draws for the air which cools a motor from 
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external devices other than a compressor in the RF motor which drives the above-mentioned purpose with an inverter 
and is cooled using air, and the turbocompressor which has at least two steps of centrifugal-compressor stages driven 
with the motor. 

[0012] Moreover, the above-mentioned purpose is driven with an inverter and it is attained by what at least a part draws 
for the air which cools a motor and a magnetic bearing from external devices other than a compressor in the RF motor 
cooled using the air supported by the magnetic bearing, and the turbocompressor which has at least two steps of 
centrifugal-compressor stages driven with the motor. 
[0013] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained, referring to a drawing. 
[0014] Drawing 1 shows the schematic diagram of the 1st example of the turbocompressor concerning this invention, 
the turbocompressor by this example - configuration **** from two steps of compressors, and the first rank - 
compressor la and 2nd step compressor lb are driven with a motor 2. Rotation is controlled by the high frequency 
inverter 3, and the high frequency motor 2 is operated at the high speed tens of thousands rotations / more than per 
minute (following, rpm). the first rank - the suction pipe 4 for inhaling air (atmospheric air) is formed in the upstream 
of compressor la. the first rank - compressor la and 2nd step compressor lb - on the way - it connects for the piping 
6 between which is resembled and it is placed by inside interspace mind condensator 5 a. The discharge tube 7 with 
which it is placed between the lower streams of rivers of 2nd step compressor lb by air-cooler 5b on the way is 
connected. The piping 10 for cooling air introduction which attached the blower 9 driven with a motor 8 (driving 
source) is connected to the other end of the high frequency motor 2, and it has structure which takes in cooling air 
inside the high frequency motor 2. 

[0015] Drawing 2 is the enlarged vertical longitudinal sectional view of the turbocompressor 2 shown by drawing 1 . 
The rotator 14 which prepared the permanent magnet in the periphery is attached in the center section of Rota 13 
supported by the radial magnetic bearings 12a and 12b attached in casing 1 1 . The RF motor 2 is constituted by a rotator 
14 and the stator 15 fixed to the casing 1 1 of the location corresponding to this rotator 14. the first rank for compressing 
a fluid into the axis end of Rota 13 -- ** impeller 16a and impeller 16b for the 2nd step are attached, moreover, the first 
rank - the thrust magnetic bearing 17 is formed between side radial magnetic bearing 12a and a rotator 14. Cooling air 
installation hole 18a for leading cooling air to the casing 1 1 corresponding to a center position of the rotator 14 of the 
RF motor 2 mostly is prepared. Furthermore, the cooling air installation holes 18b and 18c for leading cooling air to the 
radial magnetic bearings 12a and 12b are formed in casing 11. 

[0016] the air inhaled from the suction pipe 4 in this example - the first rank - after a pressure up is carried out to 
about 2kg/cm2g by compressor la, it is cooled by air-cooler 5a, and 2nd step compressor lb absorbs. After being 
cooled by air-cooler 5b, the air by which the pressure up was carried out to further 6-9kg/cm2g by 2nd step compressor 
lb passes along piping 7, and is sent to a process (not shown). Moreover, the air by which the pressure up was carried 
out to 0.1-0.5kg/cm2g by the blower 9 driven with a motor 8 passes along the piping 10 for cooling, and after it goes 
into the cooling air installation holes 18a, 18b, and 18c and cools the high frequency motor 2, the radial magnetic 
bearings 12a and 12b, and the thrust magnetic bearing 17, it is wide opened by atmospheric air. 
[0017] In this example, since the pressure up of the pressure of the cooling air by the blower 9 is carried out only to a 
pressure required to send cooling air, energy (consumption power) required for a pressure up is small. Therefore, the 
effectiveness of a turbocompressor improves compared with the conventional turbocompressor. 
[0018] Moreover, compared with the conventional turbocompressor which cools by attaching the wing for cooling in 
the rotator of a high frequency motor, the shaft-orientations die length of Rota of a high frequency motor can be 
shortened. For this reason, the critical velocity of the shafting of Rota improves and Rota performs stable rotation. 
[0019] In addition, although cooling air is wide opened by atmospheric air in this example after it cools a high 
frequency motor, you may lead to the intake section of a turbocompressor by piping. 

[0020] Drawing 3 is the 2nd example concerning this invention, and shows a part for the principal part of the blower 9 
for cooling of the high frequency motor 2 of the example of drawing 1 R> 1, and a high frequency motor. 
[0021] In this example, a blower 9 is driven with the high frequency motor 8 (tens of thousands rpm) with which a 
rotational frequency is controlled by the high frequency inverter 19. The discharge pressure of a blower 9 is 0.1- 
0.5kg/cm2g like the case of the example of drawing 1 . The compressed air by which the pressure up was carried out by 
PUROWA 9 passes along the piping 10 for cooling, and after it goes into the cooling air installation holes 18a, 18b, 
and 18c and cools the high frequency motor 2, the radial magnetic bearings 12a and 12b, and the thrust magnetic 
bearing 17, it is wide opened by atmospheric air. 

[0022] In this example, since the rotational frequency of a blower 9 is high, it becomes higher than the case where the 
specific rate shown by the degree type (1) is the example of drawing 1 . 
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[0023] 

ns=NQ0.5/Had0.75 (1) 

N: Rotational frequency Q: Flow rate Had: Since effectiveness will also become high if the specific rate of adiabatic- 
efficiency PUROWA 9 becomes high, power required to carry out a pressure up to a predetermined pressure becomes 
smaller than the case of the example of drawing 1 , therefore the effectiveness of a turbocompressor improves further 
rather than the example of drawing 1 R> 1 . 

[0024] Drawing 4 is the 3rd example concerning this invention, and shows a part for the principal part of the high 
frequency motor 2 and the blower 9 for cooling. A rotational frequency (tens of thousands rpm) is controlled by this 
example with the inverter 3 for turbocompressors in the high frequency motor 8 which drives a blower 9. The discharge 
pressure of a blower 9 is 0.1-0.5kg/cm2g like the case of the example of drawing 1 . The compressed air by which the 
pressure up was carried out by PUROWA 9 passes along the piping 10 for cooling, and after it goes into the cooling air 
installation holes 18a, 18b, and 18c and cools the high frequency motor 2 and the radial magnetic bearings 12a and 12b, 
and the thrust magnetic bearing 17, it is wide opened by atmospheric air. 

[0025] In this example, since the engine speed of a blower 9 is high, a specific rate is higher than the example of 
drawing 1 , therefore the effectiveness of a turbocompressor also becomes high. 

[0026] Consequently, power required to carry out a pressure up to a predetermined pressure becomes smaller than the 
example of drawing 1 , and the effectiveness of a turbocompressor improves further rather than the case of the example 
of drawing 1 . 

[0027] Moreover, in this example, since the engine speed of PUROWA 9 is controlled and driven with the high 
frequency inverter 3 for a turbocompressor drive, a new high frequency inverter becomes unnecessary and the cost of a 
turbocompressor can be reduced compared with the case of the example of drawing 2 . 

[0028] Drawing 5 shows the schematic diagram of the 4th example of the turbocompressor concerning this invention, 
the turbocompressor by this example — a two-step compressor — it is — the first rank — compressor la and 2nd step 
compressor lb are driven with the RF motor 2. A rotational frequency is controlled by the high frequency inverter 3, 
and the high frequency motor 2 is operated at the high speed of tens of thousands of or more rpm. the first rank — a 
suction pipe 4 prepares in the upstream of compressor la — having — the first rank — compressor la and 2nd step 
compressor lb — on the way — it connects for the piping 6 which was alike and prepared inside interspace mind 
condensator 5 a. 

[0029] The piping 22 for taking out the compressed air between which it is placed by a converging section 20 and the 
check valve 21 on the way is formed in the lower stream of a river of middle air-cooler 5a, and this piping 22 is 
connected with the turbine 24 for driving a blower 23. The piping 25 for leading the compressed air to the RF motor 2 
is formed in the lower stream of a river of a blower 23. Air-cooler 5b, a check valve 26, and the discharge tube 7 with 
which the control device 28 (for example, pressure switch) which makes a blow-off valve 27 open and close based on 
the measured pressure intervenes are formed in the lower stream of a river of 2nd step compressor lb on the way, and 
this discharge tube 7 is connected to the receiver tank 29. 

[0030] The blow off pipe 30 connected to the suction pipe 4 with the means which an end does not illustrate is formed 
in the discharge tube 7 between air-cooler 5b and a check valve 26, it is placed between these blow off pipes 30 by the 
blow-off valve 27 on the way, and the converging section 31 for flow regulation is formed in that lower stream of a 
river. It is placed between blow off pipes 30 by the check valve 32 between a blow-off valve 27 and a converging 
section 31, and the piping 33 for which the end was connected with said cooling pipe 22 is connected to them. 
[0031] the air inhaled from the suction pipe 4 in this example at the time of the usual load operation — the first rank — 
after a pressure up is carried out by compressor la, it is cooled by middle air-cooler 5a, and 2nd step compressor lb 
absorbs. After being cooled by air-cooler 5b, the compressed air by which the pressure up was further carried out by 
2nd step compressor lb goes into the receiver tank 29 through a check valve 26, and is sent to a process (not shown). 
[0032] A part of compressed air cooled by middle air-cooler 5a is led to a turbine 24 via piping 22 and 34, and it drives 
a blower 23. After the air by which the pressure up was carried out to 0.1-0.5kg/cm2g by this blower 23 is led to the RF 
motor 2 by piping 25 and cools the RF motor 2, it is wide opened by atmospheric air. 

[0033] this example the time of load operation ~ the first rank - a turbine 24 is rotated using the air of compressor 
la, and a blower 23 is driven in this turbine 24. The output Pwt of a turbine 24 and the consumption power Pwc of a 
blower 23 can be expressed with a degree type (2) and (3). 
[0034] 

Pwt=GtHadtetat - (2) 
Pwc=GcHadc/etac ~ (3) 

Gt: Turbine mass flow Gc:blower mass-flow etat: Turbine efficiency etac: Blower effectiveness and Hadt are blower 
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adiabatic heads, and a turbine adiabatic head and Hade are defined by a degree type (4) and (5). 
[0035] 

Hadt**(l-(P2t/Plt)E) -(4) 
Hade** (P2c/Plc) (E-l) - (5) 

P2: Outlet pressure PI : Inlet pressure Erconstant P2 t/Plt: Since it is operated after both have balanced (Pwt=Pwc), the 
expansion ratio turbine 24 and a blower 23 can express the flow rate of a blower 23 with a degree type (6). 
Gc=Gt (Hadt/Hadc) (etat-etac) (6) 

Since the adiabatic head (expansion ratio) of a turbine 24 is large and the adiabatic head of PUROWA 23 is small, it is 
a small turbine flow rate and the flow rate of PUROWA 23 required for cooling can be attained. 
[0036] therefore, the air flow rate of the compressor used for cooling of the high frequency motor 2 boils the air of a 
turbocompressor markedly compared with the conventional thing used for cooling as it is, and becomes small, and its 
effectiveness of a turbocompressor improves sharply. 

[0037] In this example, when the pressure of the receiver tank 29 is in the predetermined range, the usual load 
operation is performed. However, when the amount of the air used in a process becomes less and the pressure of the 
receiver tank 29 exceeds a upper limit, it changes from load operation to no-load running. Although a blow-off valve 
27 is opened and blow-off of a part of compressed airs is carried out in no-load running, the remaining compressed air 
passes along a blow off pipe 30, and further, in part, the compressed air is led to a turbine 24 by piping 33 and 34, and 
drives a blower 23. Since the compressed air by which the pressure up was carried out by this blower 23 is led to the 
RF motor 2 by piping 25, it can cool the RF motor 2 also at the time of no-load running. 

[0038] In addition, although cooling air is wide opened by atmospheric air in this example after it cools the high 
frequency motor 2, you may lead to the intake section of a turbocompressor by piping. 

[0039] Moreover, although a part of air by which blow-off was carried out was wide opened to atmospheric air in this 
example, this air may be led to the intake section of a turbocompressor for a noise reduction. 

[0040] Drawing 6 shows the schematic diagram of the 5th example of the turbocompressor concerning this invention. 
Although the turbocompressor by this example is almost the same as the example of drawing 5 , the following points 
differ. 

[0041] The piping 22 for taking out the air between which it is placed by a converging section 20 and the check valve 
21 on the way is formed in the lower stream of a river of middle air-cooler 5a, and this piping 22 is connected to the 
turbine 24 for driving a blower 23. The piping 25 for leading the compressed air of this blower 23 to the RF motor 2 is 
connected to the lower stream of a river of a blower 23. Moreover, the piping 35 for which the other end was connected 
to piping 25 is formed in the lower stream of a river of a turbine 24. 

[0042] the air inhaled from the suction pipe 4 in this example at the time of load operation - the first rank - after a 
pressure up is carried out by compressor la, it is cooled by air-cooler 5a, and 2nd step compressor lb absorbs. After 
being cooled by air-cooler 5b, the compressed air by which the pressure up was further carried out by 2nd step 
compressor lb passes along a check valve 26, goes into the receiver tank 29, and is sent to a process. A part of air 
cooled by middle air-cooler 5a is led to a turbine 24 by piping 22 and 34, and it drives a blower 23. After the 
compressed air by which the pressure up was carried out by this blower 23, and the air discharged from the turbine 24 
join in a juncture, is led to the RF motor 2 by piping 25 and cools a motor 2, it is wide opened by atmospheric air. 
[0043] In this example, not only the air of a blower 23 but the air discharged from a turbine 24 is used for cooling of 
the high frequency motor 2. For this reason, the air content of a blower 23, therefore the air content of the 
turbocompressor poured to a turbine 24 can be reduced rather than the example of drawing 5 R> 5. 
[0044] Furthermore, in order that the compressed air which flowed into the turbine 24 may give energy to a turbine 24, 
the temperature of the air discharged becomes lower than an inlet port. Therefore, since the temperature of the air 
discharged and mixed from the blower 23 and the turbine 24 becomes lower than the example of drawing 5 , the air 
content used for cooling can be reduced. Therefore, the flow rate of the turbocompressor used for cooling compared 
with the example of drawing 5 decreases, and the effectiveness of a turbocompressor improves sharply. 
[0045] In addition, although a blow-off valve 27 is opened and blow-off of a part of compressed airs is carried out in 
no-load running, the remaining compressed air passes along a blow off pipe 30, and further, the compressed air is led to 
a turbine 24 by piping 33 and 34, and drives a blower 23 in part. The compressed air by which the pressure up was 
carried out by this blower 23, and the air discharged from a turbine 24 join in a juncture, is led to the RF motor 2 by 
piping 35, and cools the RF motor 2. Therefore, the RF motor 2 can be cooled to no-load running as well as the time of 
load operation. 
[0046] 

[Effect of the Invention] According to this invention, the power for compressing cooling air into it compared with the 
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former, in order to use the air of a low-pressure blower for cooling of the motor of a turbocompressor or motor driven 
with a high frequency motor, and a magnetic bearing decreases, and the power of a compressor system improves. 
[0047] Moreover, since the air which turns a blower to cooling of the motor of a turbocompressor or motor driven with 
a high frequency motor, and a magnetic bearing in the turbine driven with the air of a compressor, and is discharged 
from the air and the turbine of the air of the blower or a blower is used according to this invention, cooling of a motor 
is attained in the amount of compressed airs smaller than the conventional turbocompressor, and the effectiveness of a 
turbocompressor improves. 


[Translation done.] 
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